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In theexperiments,usewasmade

inFig.1. Theae~ofoilhadthewing

spanof 960mm., and

diameterof 265mm.,

shaft>whichin turn

o~ thearrangementshown

sectiodNo.436,witha

a chord of 160mm. Thepropellerhada

andwasmountedon theendof an adjustable

wasnountedona floatingframe,andwas

driven,b-ymeansof a belt, by an electricmotorlooatedout-

sidetheaircurrent.Thepartslocatedin theaircurrent

(namely,theframewiththepropellershaftbearingsandthe

Pulley)wereprovidedwitha streamlinedshield.Thelength

theunsupportedshu=tfromthepropellerto thebearingwas

belt

of “

1200mm. k theexperimentswiththepropellerbehindtheaer~

foil,a correspondinglyshortershaftwas employed.Themount-

ingof thepropelleron thefloatingframemadeitpossibleto

determinethepropellerthrust.With

notpossibieto inclinethepropellez

~espondingto thechangein tineangle

thisarrangement,itwas

axisin thedirectioncor-

of attackof thewing.

Thepropellershaftremainedconstantlyin thedirectionof the

aircurrent,whiletheaerofoilwas inolinedatvariousangles

by turningitabout~hepoint D.
* Extinct from the First Report of the G8ttingen AerodynamicLabor
story,Chap.IV,Sec.6,pp.112-118.
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.propellexspesdof about7000’r.p.m.wereconstantlymaintained.

Thstipspeed.of thepropeller%asconsequentlya-bout97 m/s,

anditszatioto thewindfipoed4.86to 1.

Theaerofoilandpropellerwerefirsttestedseparately

(Tablesland2) andhencewithoutmutualinfluenoe.

Table1.

Aerofoil(960x 160rmn.}alone. (s= 0.1::Se!.m.)
Angleof OL an

Table2.

Propeller(dia.265mm.)alone. 7000Z.p.m.
Impact
pressure
q(kg/ru2)
ThrustT (kg.) .

Thefollowingcaseswerethentrted:

1.P20pelierin frontof aerofoil-

a)Propelleraxisbelowaerofoil~
b) !1 H above 11

2.ProFellerbehinpaerofoil-

I

a Propelleraxisbelowaercfoil,
b 11 11 coinci~entwith
c 11 11aboveaerofoil.

Thelift,dragandmomentof theaerofoil

chord(a= 00),

weremeasuredat

variousanglesof atta@. Thepropellerthrustwasalso

ed. TheMeasurementsweremadewiththepropellershaft

ferentdistancesfromtheaerofoil,Theyaredesignated

measur-

at dif-

by the
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distancea gf thepropelleraxisfromthechord,with a = 0°+

TheMstanoe d bet~~eenthepropsllerandtheaerofoil;7.ss

measuredin caseNo.1 from.thetearendof thepropellerhub

to theleadingedgeof theaerofoiljand incaseNo.2 fromthe

trailingedgeof theae~ofoilto thefrontendof thepropeller

hub. Thisdistanceavesaged50mm,,butvariedin thedifferent

experiments.Theexactdistancesaregivenin thecor~esponding

tablea. In thegraphicalrepresentationof theresults,thepo-

lar curvefortheeasewhentheproFeller‘hasno effect(a=CU)

isalwaysgivenas a dashedlinesoas tohavea bettercomp&i-

Son. Thepropellerthrust T is ex~ressedbytile coefficient

CT andisplottedfromtheorigintowardtheleftas a function

of thelift, CT isdefinedby

T = Cpq

inwhich S = surfaceareaof aerofoil.Fromthisequationthe

propeller-thrustcoefficientCT is obtainedin’smanneranalc-

gousto thatforfindingthedragcoefficientCD. Thisis done

in orderto obtainthedirectoo~a~isonof CT andCD. On the

dia=~e.mstheunit

CD andthescale

Thecorresponding

ofmeasurementfor CT is t~ce as largeas fo~

for CT is reduced,beginningwith CT= 0.15.

thrustcoefficient‘T of thepropelleralone

is likewisealwaystraoedwithdashes.Thepropellerthrustwas

takenquitelargewithreferenceto thedragof theaerofoil,in

ordertoaosentuatetheeffect.Thatsuchwasthecaseisevi-
dentfromthefollowingestimation.If we assume%ha~ a = 6°

(Conparethedashedpolar&rve inFig.3) andthatthestructur-
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al bag of theai~laneequalsthewingdrag,we obtaina total

dragcorrespondingto a dragcoefficientCD = O.1O* On the
.

otherkand,thsaveragepropellerthrustis CT= O.18, hencs

considerablygrsaterthanthedrag,sothat theexistingrela-

tionscorrespondto stespclimbingflight.

In judgingtheresults,it iswellto distinguishtwokinds

of influences,oneduetovariationsinvelocity,andtheother

duetovariationsindirectionof ttieaircurrent.The

is affectedmainlyby variationsin theinflowvelocity

thewing. Thewingis alsosubjected,to slightohanges

propeller

dueto

in the

directionof theairflow,whichnoticeablyaffecttkedrag,

Thisis especiallyapparentwhentheaerofoilis outsidethe

slipstream.Taking,forexample,thearranger,entshowninFig.

2, it isseenthatan ascendingaircurrentis developed,which

cannoticeablyaffeotthedrag~eventhoughitacts,on onlya

portion of theaerofoil.If thepropelleris in frontof andits

axisliesbelowtheaerofoil(Fig.3,Tables3-5),thedragis

greaterthanin theundisturbedaircurrent.At smalldistances

fromthepropelleraxis,wheretheaerofoildividestheslip

stream,thedragincreaseis dueto thegreatezairspeed.If

thedistancea is inoreasedsomuchthattheaerofoilliesout-

sidetheslipstream,thedragwillbe considerablyincreasedby

thedescendingaircurrent.TheairVelocityis lesscloseto

thelowersideof theaerofoilthanat a greaterdistance

creasesas theliftincreases.Thepropeller,workingon

lowerside,developsa greatszthrust,dueto the?educed

andde-

the

inflow



velocity.In tk.ecase

thariforthepropeller

under

alone

of attack.If thepropeller
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consideration,the

andincreaseswiik

axisis locatedon

th~ustis greatey

increasingangle

theupperside,

theconditionsarereversed(Fig.4, Tables6-9).-HerethePrO-

‘~sllerwo~ksin a swifteraircurrentandconsequentlydevelops ‘

iessthrust;justsomuchless,in fact,as tneliftof theaero-

foilis gieater.Onlywhentineaxisof’thepropellerisvery

closeto theaerofoil(a= 28 mm.), is thethrustincrease-d.

Herethepropellerworksiia ~rrentwitha slowermeanvelocity,

mainlybecauseit liespactlybelowtheaerofoil,wherethedrag

is greater,In theothercasesthedragisdiminished,in cou&ar-

isonwiththeundisturbedaerofoil,as a resultof theascending

aircurrentgeneratedby thepropeller(Fig.2).

Withthepropellerbehindtheaerofoil(Figs.5 and6, Table=

l@-14),thecasewastriedinwhichthepropelleraxislayin the

chordof theaerofoil,with a = O. Herethepropellezdisklay

partiyin thewakeof theaerofoil,Sincetheairvelocitywas

lessinthisvicinity,themeanvelocityof thepropellerinflow

wasLessthanthevelocity of theundisturbedaircurrentand the

Fropellerthrustwascorrespondinglygreater.Sincethesizeof

thewakeis closelyrelatedto thedragof theaerofoil,it is ev-

identthatthepropellerthrustdependson theaerofoildrag,es-

peciallywithlargepositiveandnegativeanglesof attack.‘The

influenceof thepropelleron theaerofoilisheresimilarto~hai

it iswiththepropellerin frontof theaerofoil.Thevariations
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in thethrtlstandpolarcurvescanbe e~lainedin llkemanner,

whenthepropelleraxisiS moved tmnard eithertheupperor lower

sideof theaerofoil.There.wasa markeddecreasein dragin the

experimentwhenthepropelleraxiswasthefarthest(a= 191mm.}

abovetheaerofoil.Thiswasdueto theascendingairowrentat
1

thatplace. Thevariationsin theaerofoilmoment(aboutits I

leadingedge),dueto theinfluence

smallinallthecases,as shownby

Translatedby theNationalAdvisory

of thepropeller~werevery

themomentcurves.

ComnitteeforAeronautics,

,.

.’
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